Electronic structures of electron-and hole-doped BaFe 2 As 2 and nondoped SrFe 2 As 2 have been studied systematically by x-ray emission spectroscopy at Fe and As K-absorption edges. The electron and hole doping causes slight increase of the integrated absolute difference (IAD) values of the Fe Kβ x-ray emission spectra which correlate to the local magnetic moment. Pressure decreases the IAD values and local magnetic moment, and induces the lower-spin states in these compounds. The pre-edge peak intensity of the XAS spectra at the Fe K-absorption edge increases with pressure in both compounds. This indicates an increase of the Fe 3d-As 4p hybridization. It was found that pressure induced a discontinuous increase of the prepeak intensity of the PFY-XAS spectra at the As K-absorption edge at low pressures in the BaFe 2 As 2 systems. Our results may suggest that the Fe 3d-As 4p hybridization plays a key role in suppressing the AFM order by the doping or pressure and fluctuation of the local magnetic moment and the electron-electron correlation may also play a role on the physical properties of the iron superconductors.
I. INTRODUCTION
High-temperature superconductivity in F-doped LaFeAsO was found in 2008 (Ref. [1] ) and many iron-based superconductors with different crystal structures have been synthesized [2, 3] . Most iron-superconductor families have FeAs or FeSe planes as the common layers, which correlate to the superconductivity. The Fe-As-Fe angle or pnictogen height is an important parameter crystallographically. It correlates to the superconducting transition temperature (T c ) [4] [5] [6] [7] . Although superconductivity and magnetism had been considered to compete against each other, non-BCS-type high-T c superconductors show a close relation between magnetism and superconductivity. Theoretically it is suggested that the pairing interaction is mediated by exchange of the antiferromagnetic (AFM) spin fluctuations, where the pairing is due to the hopping of electrons between the electron and hole pockets, or by the orbital fluctuations [3, 8, 9] .
Thus in iron-based superconductors AFM correlation is one of the most important concerns because the region of the AFM order often merges into the superconducting dome in the phase diagram. It is known that in the nondoped parent compounds the ordered magnetic moment is much smaller than the local moment. This suggests that the local magnetic moment strongly fluctuates and the residual moment remains ordered [10] . Therefore, the magnetic fluctuation may play an important role on the physical properties of the iron superconductors. Recent theoretical calculations using a spin-fermion model with ferromagnetic Hund's coupling showed that the itinerant carriers with well-nested Fermi surfaces were found to induce a spatial and temporal quantum fluctuation, leading to the observed small ordered moment [10] . The underlying mechanism was an intrapocket nestingassociated long-range coupling rather than the ferromagnetic double-exchange effect.
The ternary 122-type AFe 2 As 2 (A = Eu, Ca, Sr, and Ba) compounds exhibit a temperature-induced tetragonal-toorthorhombic structural transition strongly coupled with a paramagnetic-to-antiferromagnetic transition with decreasing temperature. AFe 2 As 2 does not show superconductivity at ambient pressure. In BaFe 2 As 2 electron doping, hole doping, and pressure suppress the AFM order and induce superconductivity. The pressure-induced structural transition from the tetragonal (T) to the collapsed tetragonal (cT) phase is a universal characteristic of AFe 2 As 2 compounds [11] [12] [13] [14] [15] [16] [17] . Some theoretical studies focused mainly on the interlayer As-As distance under pressure [18] [19] [20] . It was suggested that the spin state of Fe is one of the key parameters that controls As-As bonding and, consequently, the lattice parameters [19] . In BaFe 2 As 2 a small amount of the electron doping of Co atoms to the Fe sites does not change the lattice parameters much [21] . However, the hole doping of K atoms to the Ba sites causes the lattice parameter of a to decrease and that of c to increase monotonically [22, 23] . In BaFe 2 As 2 the As-Fe-As bond angle is about 111
• which is larger than the ideal tetrahedral bond angle of 109.47
• . The ideal tetrahedral bond angle corresponds to the K-doping content of x = 0.3-0.5 in Ba 1−x K x Fe 2 As 2 , where high T c was observed. The pressure-temperature phase diagram of BaFe 2 As 2 has been studied by x-ray diffraction and synchrotron Mössbauer spectroscopy (SRS) under pressure [24] . The results suggested that Fe +2 exhibits mesoscopic spin moments right before the structural transition decreases in temperature and the local moments involving the fluctuation although the nematic phase was not detectable due to the problem of the time scale of SRS. Interaction of the electron spins, thus, plays a role in the origin of superconductivity in pnictides. However, the spin states of the doped systems of AFe 2 As 2 have still not been explored systematically.
An x-ray absorption spectroscopy (XAS) study was performed at the Fe-K edge for the hole-doped system of Ba(Fe 1−y Co y ) 2 As 2 [25] . The XAS spectra did not show a remarkable change through the temperature-induced phase transitions, but pressure lead to slight energy shift of the main edge not the pre-edge. However, XAS at the As K edge showed the strong sensitivity of the As electronic structure upon electron doping with Co or pressure change in BaFe 2 As 2 at room temperature [26] . These results indicated the prominent role of the As-4p orbitals in the electronic properties of the Fe pnictide superconductors. These studies motivate us to perform a systematic x-ray spectroscopy study by extending the systems to not only the hole-doped BaFe 2 As 2 , but also the electron-doped BaFe 2 As 2 and SrFe 2 As 2 at the Fe and As K-absorption edges. A systematic study of the electronic structures of the doped BaFe 2 As 2 and SrFe 2 As 2 has been reported by XAS at L 2,3 absorption edge [27, 28] . Although the shift in the energy position of the L 3 edge observed maximum peak, the study indicated that the doping plays a lesser role for pnictide superconductivity and magnetism. We note that the XAS study at the Fe and As K-absorption edges was advantageous because we now know the spin state and the d-p hybridization, respectively.
A pressure-temperature phase diagram of the crystal structure of SrFe 2 As 2 is similar to that of BaFe 2 As 2 [29, 30] . The detailed XRD study indicated that the paramagnetic to antiferromagnetic and tetragonal to orthorhombic structural transitions were coupled at 205 K at ambient pressure, and two transitions were concurrently suppressed to much lower temperatures near a quantum critical pressure of approximately 4.8 GPa where the antiferromagnetic state transforms into a bulk superconducting state [31] . This suggested that both the lattice distortions and magnetism strongly correlated to the appearance of the superconductivity under pressure. The T → cT structural transition was observed around 10 GPa at room temperature [15, 32] . The nuclear resonant inelastic x-ray scattering showed that the partial density of states of SrFe 2 As 2 changed dramatically at approximately 8 GPa. This could be associated with the T → cT isostructural transition [32] .
In BaFe 2 As 2 and SrFe 2 As 2 no superconductivity has been observed; however, the chemical substitution or pressure induced the superconductivity. The electronic structure including the spin state as well as the crystal structure may play an important role in the emergence of superconductivity. In this paper we report a systematic study of the chemical composition dependence of the electronic structures and spin states of electron-and hole-doped BaFe 2 As 2 : Ba 1−x K x Fe 2 As 2 and Ba(Fe 1−y Co y ) 2 As 2 . Pressure could tune superconducting states without introducing local disorder in comparison to chemical doping. We also study pressure-induced change in the electronic structure of BaFe 2 As 2 and SrFe 2 As 2 . We employ the Fe and As Kβ x-ray emission spectroscopy (XES) as a bulk-sensitive probe of the electronic structure. The XES method allows us to study the electronic structure under pressure, where the photoelectron spectroscopy cannot be applicable. It is known that the Fe Kβ spectrum consists of two components of a strong Kβ 1,3 component and a weak satellite of Kβ component, corresponding to mainly low-spin and high-spin state, respectively [33, 34] . Change in the intensity of the Fe Kβ spectra, so-called integrated absolute difference (IAD) value, is a measure of spin state as well as the magnetic moment [19, [35] [36] [37] . The x-ray absorption spectra with partial fluorescence yield mode (PFY-XAS) [38] [39] [40] were also measured. The pre-edge, prepeak, and shoulder structures at the absorption edge of the PFY-XAS spectra reflect the hybridization strength of Fe 3d and As 4p. In Fe-based superconductors it has been considered that Fe d electrons play an important role through the orbital fluctuations for the emergence of the superconductivity. We emphasize that it is an advantage that we could know the electronic state of Fe d electrons from the pre-edge peak of the XAS spectra at the Fe-K absorption edge.
II. EXPERIMENTS AND METHODS
High-quality single crystals and polycrystals of Ba 1−x K x Fe 2 As 2 , Ba(Fe 1−y Co y ) 2 As 2 , and SrFe 2 As 2 were prepared. The results of the XRD in Figs. 2(d) and 2(e) and the PFY-XAS spectra in Figs. 6-8 at the As K-absorption edge were the data for the polycrystals and the other results were for the single crystals. Polycrystalline samples of Ba 1−x K x Fe 2 As 2 were annealed 24 or 48 h at 790-850
• C and those of Ba(Fe 1−y Co y ) 2 As 2 were annealed at 880-900
• C. X-ray diffraction study was performed for the polycrystalline samples of the Ba122 systems using a laboratory x-ray source. The SrFe 2 As 2 single crystals were grown using the self-flux method [41] .
Measurements of the PFY-XAS and XES were performed at the Taiwan beamline BL12XU, SPring-8 [42, 43] and at 16-ID-D beamline of the APS, ANL. At BL12XU of the SPring-8 the undulator beam was monochromatized by a cryogenically cooled double crystal Si(111) monochromator. A Johann-type spectrometer equipped with spherically bent analyzer crystals (radius of ∼1 m) of Si(531) for Fe Kβ emission and Si(844) for As Kβ emission. A Si solid state detector (Amptech) was used to analyze the Fe emission of the 3p → 1s deexcitation at the Fe and As K-absorption edges. We used the Kβ emission of As, instead of the Kα emission [26] , because the As 3p electrons may be more correlative to the outer shell electrons compared to the 2p electrons. At the emitted photon energy of 7.6 keV the overall energy resolution was estimated to be 0.9 eV. Here, it is noted that one can discuss the relative change in the energy on the order of 0.1 eV, which is one order of magnitude as small as the energy spread of the analyzer. The intensities of the measured spectra were normalized using the incident beam that was monitored just before the sample.
For the high-pressure experiments in the x-ray emission spectroscopy at SPring-8 the x-ray beam was focused to 20-30 (horizontal) × 30-40 (vertical) μm 2 at the sample position using a toroidal and a Kirkpatrick-Baez mirror. High-pressure conditions were achieved at room temperature using a diamond anvil cell coupled with a gas membrane. A Be-gasket 3 mm in diameter and approximately 100 μm thick was preindented to approximately 35-40 μm thickness around the center. The diameter of the sample chamber in the gasket was approximately 100-120 μm and the diamond anvil culet size was 300 μm. Pressure medium of Daphne oil was used for the DAC. We used the Be gasket in-plane geometry with a scattering angle of 90
• , where both incoming and outgoing x-ray beams passed through the Be gasket. Pressure was monitored by the ruby fluorescence method [44] [45] [46] . We performed high-pressure experiments to find the pressure range where superconductivity appears and further pressure beyond.
Measurements of the PFY-XAS at the Fe K-absorption edge and Fe-Kβ XES for SrFe 2 As 2 were performed at 16-ID-D, APS. An incident x-ray beam with a beam size of 30 (vertical) × 50 (horizontal) μm 2 in diameter (FWHM) was used for the experiments. The incident x ray was focused onto the sample through one of the diamond anvils, and the Fe Kβ emission spectra were collected by a silicon detector through the Be gasket and a Si(444) analyzer in the 1 m Rowland circle vertical geometry with a step size equivalent to about 0.3 eV. We used a 4 in. Si (333) analyzer to measure the PFY-XAS spectra at Fe Kα 1 peak. Pressure medium of Ne was used for the DAC.
The IAD analysis of the Kβ XES spectra is performed in the following way: (i) match the center of mass between the sample and reference spectra exactly, (ii) take the difference between them, and (iii) integrate the absolute value of the difference. The intensity is normalized by the area of the Kβ spectrum. The error of the IAD values and the pre-edge peak intensity mainly comes from the statistics of the total counts and fit errors. We increased statistics, especially for the Kβ emission spectra because of the small change in the intensity. Figure 1 shows the phase diagrams of BaFe 2 As 2 and SrFe 2 As 2 with the points measured. In the doped BaFe 2 As 2 we study the doping, chemical composition, and pressure dependences of the electronic structure. In SrFe 2 As 2 pressure dependence of the electronic structure at 17 and 300 K were measured.
III. RESULTS

A. BaFe 2 As 2
Fe Kβ XES
Chemical composition dependence of the Kβ XES spectra of Ba(Fe 1−y Co y ) 2 As 2 and Ba 1−x K x Fe 2 As 2 at 12 K is shown in Fig. 2 (a) with a reference spectrum of FeCrAs; the change in the spectra seems to be small. While in BaFe 2 As 2 pressure changes the spectra slightly at low temperatures as shown in Fig. 2 is known to have a low-spin state without magnetic moment [36] , as shown in Fig. 2(c) . Additionally, we show the chemical composition dependence of the lattice constants measured for the sample here (closed symbols) with the data taken from the literature (open symbols) [21, 23] in Fig. 2(d) . The ratio of the lattice constants a to c is plotted in Fig. 2 (e). Present data of the lattice constants and the ratio show good agreement with the previous data. The ratio seems not to show anomalous features. It is noted that the change in the lattice constant in the Co substitution is very small, a ∼ 0.002Å, c ∼ 0.06Å, while in the K substitution a ∼ 0.115Å, c ∼ 0.8Å in the measured substitution range. Both the electron and hole doping to BaFe 2 As 2 show a trend of increase in the IAD values.
Temperature dependence of the Kβ XES spectra of BaFe 2 As 2 at 0 GPa, BaFe 2 As 2 at 3 GPa, Ba(Fe 0.92 Co 0.08 ) 2 The pressure decreases the IAD value in BaFe 2 As 2 at 300 K as shown in Fig. 3(e) . This result is consistent with the previous ones where pressure induced the spin state from higher-to lower-spin states [43, 47] . In BaFe 2 As 2 the 085129-3 at 12 K is shown in Fig. 4(c) , assuming two components of the pre-edge peak [48] and other components with an arctanlike background for simplicity. The pre-edge peak intensity and the ratio of the two components are shown in Fig. 4(d) . The intensity of the pre-edge peak of the doped samples at x = 0.5 and y > 0.12 is larger than that of nondoped BaFe 2 As 2 . However, the chemical composition dependence of the pre-edge peak intensity and the ratio is not clear. On the other hand, pressure increases the intensity of the pre-edge peak largely, suggesting the increase of the p-d hybridization. Temperature dependence of the PFY-XAS spectra at Fe K-absorption edge of BaFe 2 As 2 at 0 GPa, BaFe 2 As 2 at 3 GPa, Ba(Fe 0.92 Co 0.08 ) 2 As 2 at 0 GPa, and Ba 0.45 K 0.55 Fe 2 As 2 at 0 GPa are shown in Figs. 5(a)-5(d), respectively. Temperature dependence of the intensity of the pre-edge peak and the ratio are shown in Figs. 4(e) and 4(f). No significant temperature dependence of the PFY-XAS spectra is observed. Our results agree with those for BaFe 2 As 2 and Ba(Fe 0.935 Co 0.065 ) 2 As 2 previously measured by Balédent et al. [25] .
PFY-XAS at As K -absorption edge
We performed As Kβ x-ray emission spectroscopy and measured the PFY-XAS spectra at the As K-absorption edge because the above Kβ x-ray emission spectra as well as the PFY-XAS spectra at the Fe K-absorption edge only show very small chemical composition and temperature dependences. Figure 6 (a) shows the chemical composition dependence of the PFY-XAS spectra of Ba(Fe 1−y Co y ) 2 As 2 and Ba 1−x K x Fe 2 As 2 at the As K-absorption edge. The shift of the absorption edge energy is shown in Fig. 6(b) in Ba 1−x K x Fe 2 As 2 . The K doping to Ba site drastically induces the increase of the intensity of the prepeak around 11866 eV, lowering the absorption edge energy, and narrowing the width of the main peak around 11874 eV. This shift of the edge energy corresponds to lowering the charge state of As and electron transfer to As (i.e., hole transfer to Fe). In contrast, only little changes in the intensity of the prepeak are observed in the case of the Co substitution to Fe site. Temperature dependences of the PFY-XAS spectra of BaFe 2 As 2 , Ba(Fe 0.92 Co 0.08 ) 2 As 2 , and Ba 0.6 K 0.4 Fe 2 As 2 are shown in Fig. 7 . Temperature-induced change in the electronic structure is small for all compounds here. Additionally, the energy of the absorption edge in Fig. 7(d) does not show a significant temperature dependence.
We also measured the pressure dependence of the PFY-XAS spectra of BaFe 2 As 2 , Ba(Fe 0.92 Co 0.08 ) 2 As 2 , and edge energy does not show significant pressure dependence for BaFe 2 As 2 and Ba 0.6 K 0.4 Fe 2 As 2 .
B. SrFe 2 As 2
Fe Kβ XES
The Kβ XES spectra were measured for a sister compound of SrFe 2 As 2 . Figures 9(a) and 9(b) show pressure dependence of the Kβ XES spectra of SrFe 2 As 2 at 17 K and at 300 K, respectively. The difference of the intensity for the spectrum at 17 K and 11.8 GPa is also shown. Figure 9 (c) shows a comparison of the spectra at 17 and 300 K at low pressures. This suggests the same trend as observed in BaFe 2 As 2 , the change in the spin state to lower-spin state at low temperatures.
The IAD values as a function of pressure are shown in Fig. 9(d) . They show a monotonic decrease at both 17 and 300 K. The IAD values at 17 K are always lower than those at 300 K. The results of SrFe 2 As 2 are similar to those of BaFe 2 As 2 .
PFY-XAS at Fe K -absorption edge
Pressure dependence of the pre-edge part of the PFY-XAS spectra of SrFe 2 As 2 is measured at 17 K and 300 K, as shown in Figs. 10(a) and 10(b) . We did not measure the spectra at the incident energy above the absorption edge and the intensity is normalized by the area of 7115-7117 eV. A fit example is shown in Fig. 10(c) . Pressure dependence of the pre-edge peak intensity at 17 and 300 K is shown in Fig. 10(d) . The pressure dependence of the total intensity of the pre-edge peak at 300 K shows a trend to increase with pressure.
PFY-XAS at As K -absorption edge
We show the pressure dependence of the PFY-XAS spectra of SrFe 2 As 2 at the As K-absorption edge and 300 K in Fig. 11 . The spectra shift to higher energy with pressure, almost keeping the shape, and the energy of the absorption energy shifts monotonically with pressure as shown in Fig. 11(d) . This indicates the increase of the charge state of As and the electron transfer from As to other atoms with pressure. Seemingly, there are sudden increases of the electron transfer around the pressures of 3 and 5 GPa where the filamentary superconductivity and bulk superconductivity start, respectively.
IV. DISCUSSION
In these Fe122 superconductors there are common features: the decrease of the temperature induces the structural phase transition from tetragonal with C 4 symmetry to orthorhombic phase with C 2 symmetry. Parent compounds of BaFe 2 As 2 and SrFe 2 As 2 do not show the superconductivity, while both doping and pressure induces the superconductivity at low temperatures. At room temperature the pressure causes the T → cT isostructural transition and at low temperatures it breaks the C 2 symmetry of the orthorhombic phase with pressure. The As-As distance decreased rapidly with pressure and changed slowly in the cT phase, while the K doping BaFe 2 As 2 served the same role of applying negative pressure along the c axis.
A. IAD values, local magnetic moment, and electron-electron correlation
In the doped samples of BaFe 2 As 2 the temperature also decreases the IAD values and magnetic moment gradually. Such temperature dependence of the IAD values has been observed in the other 122-type iron-superconductor systems of Ca 1−x RE x Fe 2 As 2 (RE = Pr and Nd) (Ref. [37] ) and Ca 0.67 Sr 0.33 Fe 2 As 2 (Ref. [16] ) and explained later by the theory based on first-principles calculations with scaled magnetic interaction [49] .
In the nondoped parent compounds the ordered magnetic moment is much smaller than the local moment [50, 51] . It has been suggested theoretically that spatial and temporal quantum fluctuation of the local magnetic moment reduced the ordered moment significantly [10, 52] . The theory suggested that the nesting contributes the fluctuation of the local magnetic moment. The local magnetic moment is caused by the electronelectron correlation through the Coulomb interaction. In this scenario the Co doping may cause the increase of the local magnetic moment because the doping reduces the nesting condition [53] . In iron-based superconductors it is known that the IAD values are proportional to the local magnetic moments [36, 37] . In our results both the Co and K doping show a trend to increase the IAD values, i.e., the magnetic moment, supporting the above scenario.
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Another theory suggested that the spin state of Fe controls the As-As bonding and the lattice parameters in CaFe 2 As 2 [19, 54] . The theory indicated that the local magnetic moment of Fe decreases with pressure, weakening the strength of the As-Fe bond, increasing the As-As interactions, and causing significant reduction in the c axis. This phenomenon has been observed as the T → cT phase transition experimentally, which has often occurred in the Fe-122 superconductors as described above. Pressure decreases the interlayer As-As distance, reaching close to the As-As covalent bond state at the cT phase. The theory indicated that the increase of the As-As bond strength in the cT phase weakens the correlation and decreases the local moment [19] . Experimentally pressure also suppresses the long-range AFM order as well as the local magnetic moment through the increase of the Fe 3d-As 4p hybridization as described below. It is noted that the pressure dose not suppress the local magnetic moment completely in both BaFe 2 As 2 and SrFe 2 As 2 , and the magnetic moment is partially reduced. In BaFe 2 As 2 and SrFe 2 As 2 the superconductivity disappeared at the cT phase. Our results show that the pressure decreased the IAD values, the magnetic moment, and thus the electron-electron correlation monotonically. These results may suggest that there is an optimum strength of Fe-spin state that is required for high-T c superconductivity [19] and the electron-electron correlation may correlate to T c .
It is known that the electron-electron correlation and the magnetic moment increase with the increasing pnictogen height (h) from FeAs layer in the order of LaFePO < LaFeAsO < BaFe 2 As 2 < FeSe < FeTe [6] . The Fe 3d-As 4p hybridization decreases with increasing h and the bond between Fe and As changes from covalent bond to ionic bond. In FeSe the electron-electron correlation is strong and no longrange magnetic order has been observed. However, the theory suggested that the orbital order and fluctuation originated from the nematicity and the nematic orbital fluctuations considered to play important roles in the pairing mechanism [55, 56] . It was indicated that the origin of the electronic nematic state in Fe-based superconductors is the electron-electron correlation. Pressure decreases the pnictogen height and the electron-electron correlation in Fe122 superconductors. Thus the electron-electron correlation is considered to play an important role in the superconductivity.
Density functional calculations reproduced the pressure dependence of the volume and the transition to the cT phase in BaFe 2 As 2 (Ref. [18] ) and SrFe 2 As 2 (Ref. [57] ). The theory predicted the transition to the zero-magnetic moment at the cT phase [18, 57] . We measured the pressure dependence of the Fe Kβ emission spectra for SrFe 2 As 2 , from which we know the pressure-induced change in the IAD values, corresponding to the magnetic moment. The results indicate a gradual decrease of the magnetic moment with pressure up to 11.8 GPa at 17 K and up to 15.6 GPa at 300 K. A similar trend has been observed in K x Fe 2−y Se 2 [43] . Thus pressure-induced sudden disappearance of the magnetic moment at the cT phase is not likely in the Ba122 and Sr122 systems.
In SrFe 2 As 2 pressure decreases the IAD values monotonically at 17 K in SrFe 2 As 2 , while it seems to show an anomaly around 7-11 GPa at 300 K as shown in Fig. 9(d) . In K x Fe 2−y Se 2 the pressure-induced change in the IAD values at 300 K is gentle above the pressure of the T → cT structural transition [43] . Therefore, the pressure-induced anomaly of the IAD values at 300 K in SrFe 2 As 2 possibly correlates to the T → cT structural transition at room temperature. In SrFe 2 As 2 a structural transition from orthorhombic to tetragonal phase occurred around 4-5 GPa at 13 K [31] ; however, the lattice parameter of c monotonically decreased in contrast to the T → cT transition at room temperature. The monotonic decrease of the IAD values at 17 K may also correspond to this gentle structural transition at 13 K. In K x Fe 2−y Se 2 a second SC dome was observed at cT phase, where the superconducting symmetry is considered to be different from the first SC dome, while in SrFe 2 As 2 superconductivity seems to be suppressed at the cT phase.
Thus we can conclude that the Fe 3d-As 4p hybridization plays a key role in suppressing the AFM order by the doping or pressure and it is reasonable to consider that the fluctuation of the local magnetic moment and the electron-electron correlation may also play a role in the appearance of the superconductivity.
B. Pre-edge peak of the PFY-XAS spectra at Fe K edge
The previous XAS study at Fe L 2,3 absorption edge by Merz et al. showed the peak shift to the higher energy only for the case of the hole doping with the K substitution in BaFe 2 As 2 [28] . The substitution of K to the Ba site means the hole doping at Fe 3d-derived states at the Fermi level. On the other hand, little effect on the Fe 3d-derived states was observed with the electron doping by the Co substitution to the Fe site in BaFe 2 As 2 [28, 58] . The XAS spectra at As L 2,3 absorption edge showed a change in the intensity of the As 4p-derived pre-edge peak for the Co substitution and no change for the K substitution [28] . Additionally, in the electron doping by the Co substitution to the Fe site the Fe valency remained unaffected in SrFe 2 As 2 [27] . A prominent role of the hybridization between (Fe,Co) 3d xy , d xz , d yz orbitals and As 4s/4p states was suggested for the band structure in A(Fe 1−x Co x ) 2 As 2 . These results agree with our XAS results at the Fe and As K-absorption edges.
Pressure may decrease the Fe-As distance, resulting in an increase of the overlap between Fe and As orbitals and the Fe 3d and As 4p hybridization [26] . The pre-edge peak of the PFY-XAS spectra at Fe K-absorption edge corresponds to the forbidden quadrupole transition and the increase in the intensity of the pre-edge peak as a measure of the hybridization with p states. Therefore, our results indicate that the pressure induces the increase of the hybridization between Fe 3d and As 4p in both compounds of BaFe 2 As 2 and SrFe 2 As 2 . The increase of the intensity of the pre-edge peak correlates to the decrease of the magnetic moment as described above [42] . Thus the IAD values correlate to the magnetic moment and decrease with pressure, which also corresponds well to the increase of the intensity of the pre-edge peak of the PFY-XAS spectra at the Fe K-absorption edge at high pressures. Figure 10 (d) suggests that in SrFe 2 As 2 the pressure increases the d-p hybridization, corresponding to the decrease of the IAD values in Fig. 9(d) and thus the shift to the lower-spin state. Interestingly, the pressure-induced change in the pre-edge peak intensity seems to correlate to T c .
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C. PFY-XAS spectra at As K edge
Here, we consider the Fe 3d-As 4p hybridization by summarizing the results of the XAS spectra at the Fe and As K-absorption edges. In BaFe 2 As 2 the K substitution to the Ba site lowered the energy of the As K-absorption edge by increasing the intensity of the prepeak, while the Co substitution to the Fe site does not change the electronic structure, as shown in Fig. 6 . These phenomena correspond well to the change in the lattice parameters in Fig. 2(d) . The K substitution resulted in the decrease of the As valence. The K substitution also caused a slight shift of the energy of the Fe K-absorption edge to higher energy as shown in Fig. 4(a) . A similar shift of the edge energy at the Fe L 3 absorption edge and the increase of the As-As distance by the K substitution were reported, although the Fe-As distance did not change [28] . These results confirm the hole doping from As to Fe sites by the K substitution with increasing the Fe-As hybridization, which was consistent with the results of the increase of the pre-edge peak of the XAS spectra at the Fe-K-absorption edge and that of the prepeak of the XAS spectra at the As K-absorption edge.
The Co or electron doping was insensitive to the change in both electronic structures at the Fe and As K-absorption edges as well as the lattice constants. However, the pre-edge peak intensity at the Fe K edge shows a trend of increase at higher doping level as shown in Figs. 4(a) and 4(d), although it is not clear at the SC region. Similar results have been reported that no Co-doping effect was observed at the Fe nor Co L-absorption edges in Sr(Fe 1−x Co x ) 2 As 2 [27] . They concluded that the covalency of the (Fe,Co)-As bond was a key parameter for the interplay between magnetism and superconductivity. A small amount of Co doping, i.e., one additional electron, caused significant effect to suppress the AFM order, emerging the SC region. A recent theory using the the Hubbard model with the self-consistent vertex-correction method, which successfully explained the phase diagram and the superconductivity of the Fe-based superconductors in a unified way, may suggest a possible scenario [8, 55, 56] . The theory indicated that the spin + orbital fluctuation is a driving mechanism of the superconductivity in iron-based superconductors and it depends on the electron-electron correlation and Fermi surface structure such as the nesting condition. The Co doping may weaken the nesting condition with reducing the spin susceptibility and the AFM order may be suppressed. However, a detailed mechanism has not been clarified yet. Further theoretical investigation may be required.
The pressure dependence of the PFY-XAS spectra at the As K-absorption edge shows a discontinuous increase at 0.6 GPa for BaFe 2 As 2 and Ba(Fe 0.92 Co 0.08 ) 2 As 2 and at 1.9 GPa for Ba 0.6 K 0.4 Fe 2 As 2 . It is understandable that the critical transition pressure of BaFe 2 As 2 is almost the same as that of Ba(Fe 0.92 Co 0.08 ) 2 As 2 because the Co substitution did not show a significant effect crystallographically. However, the pressure-induced change in the electronic structure of Ba(Fe 0.92 Co 0.08 ) 2 As 2 is more drastic compared to that of BaFe 2 As 2 as shown in Fig. 8 . A similar behavior was previously observed in BaFe 2 As 2 , where the critical pressure was approximately 1 GPa and the sudden increase of the prepeak intensity occurred at the Fe-As interatomic distance of 2.39Å [26] . The pressure-induced shift of the As K-absorption edge was little as shown in Fig. 8(d [26] . The pre-edge peak intensity at Fe K-absorption edge at 3 GPa increased compared to that at ambient pressure as shown in Figs. 4(b) and 4(d), also in contrast to the results reported by Balédent et al. [25] . These results lead to the similar conclusion discussed in the above subsection that pressure caused the increase of the Fe 3d-As 4p hybridization, which resulted in the increase of the pre-edge peak intensity at the Fe K-absorption edge and the prepeak intensity at As K-absorption edge. It is noted that in BaFe 2 As 2 and Ba 0.6 K 0.4 Fe 2 As 2 the pressure-induced change in the electronic structure at the As K-absorption edge above the critical pressure is very small as shown in Figs. 8(a) and 8(c) , and even at the SC region.
In SrFe 2 As 2 the pressure induced a different behavior from the BaFe 2 As 2 systems. There was no critical pressure to change the electronic structure abruptly and the As Kabsorption edge shifts to higher energy continuously with pressure as shown in Fig. 11(c) . This is similar to the shift in Ba(Fe 0.92 Co 0.08 ) 2 As 2 in Fig. 8(d) . The pressure works to dope the electrons from the As site to the Fe site in SrFe 2 As 2 and Ba(Fe 0.92 Co 0.08 ) 2 As 2 . The intensity of the pre-edge peak at the Fe K-absorption edge may increase with pressure as shown in Fig. 10(d) . While the pressure-induced change in the intensity of the prepeak at the As K-absorption edge was not observed as shown in Fig. 11(b) , the shift of the As K-absorption edge occurred. These results suggest the electron transfer from As to Fe and the Fermi level shift to higher binding energy without the change in the electronic structure of As with pressure. In SrFe 2 As 2 there was no critical pressure for the spectra at the As K-absorption edge in contrast to the Ba122 systems.
V. CONCLUSION
The electronic structures of electron-and hole-doped BaFe 2 As 2 [Ba 1−x K x Fe 2 As 2 and Ba(Fe 1−y Co y ) 2 As 2 ] and SrFe 2 As 2 were studied systematically by measuring the Kβ XES and PFY-XAS at the Fe and As K-absorption edges as functions of the chemical composition and pressure. The IAD values of the Fe Kβ spectra decreased with decreasing the temperature in Ba 1−x K x Fe 2 As 2 and Ba(Fe 1−y Co y ) 2 As 2 . Both the electron and hole doping by the chemical substitutions increased the IAD values slightly, while the PFY-XAS spectra at the Fe K-absorption edge did not show a significant doping dependence. The hole doping with the K substitution and the pressure created the increase of the pre-edge peak intensity of the PFY-XAS spectra at the Fe K-absorption edge. This indicates the transition to the lower-spin state, i.e., smaller magnetic moment. Pressure induced the lower-spin states in BaFe 2 As 2 and SrFe 2 As 2 , resulting in the smaller magnetic moment. However, the magnetic moment is partially reduced and the pressure did not suppress the local magnetic moment completely in both BaFe 2 As 2 and SrFe 2 As 2 . In SrFe 2 As 2 the magnetic moment and the electron-electron correlation decreased monotonically with pressure in the pressure range measured.
Both electronic structures at the Fe and As K-absorption edges as well as the lattice constants were insensitive to the electron doping with the Co substitution, while the PFY-XAS 085129-9 spectra at the As K-absorption edge showed that in BaFe 2 As 2 the K substitution to the Ba site lowered the energy of the As K-absorption edge with increasing the intensity of the prepeak. Thus the K substitution decreased the As valence. We found that in the PFY-XAS spectra at As K-absorption edge pressure induced a discontinuous increase of the prepeak intensity at 0.6 GPa for BaFe 2 As 2 and Ba(Fe 0.92 Co 0.08 ) 2 As 2 , and at 1.9 GPa for Ba 0.6 K 0.4 Fe 2 As 2 , while in SrFe 2 As 2 no critical pressure was observed. We, however, still do not understand the mechanism of the sudden change in the electronic structure at low pressures and its role on the superconductivity. The pressure did not change the energy of the As K-absorption edge in BaFe 2 As 2 and Ba 0.6 K 0.4 Fe 2 As 2 . Meanwhile, the energy of the As K-absorption edge increased with pressure in SrFe 2 As 2 and Ba(Fe 0.92 Co 0.08 ) 2 As 2 , indicating a pressureinduced electron doping to the Fe site.
Our results suggest that the Fe 3d-As 4p hybridization plays a key role by suppressing the AFM order under pressure in the Fe122 superconductors. The electron doping is also effective in suppressing the AFM order and the emergence of the superconductivity without change in the lattice constants. The fluctuation of the local magnetic moment may also play a role on the physical properties of the iron superconductors and an optimum strength of Fe-spin state may exist for high T c . The electron-electron correlation that connects to the magnetic moment and the pnictogen height may be also important for the emergence of the superconductivity in the Fe122 systems. 
